Summary: Cerebral blood vessels of the dog have been shown to receive vasodilator and constrictor nerves. In isolated ring arterial preparations, neurogenic vasodila tion was blocked while neurogenic vasoconstriction was potentiated by hemolysates isolated from hemolyzed erythrocytes. These results suggest that an overall in crease in cerebral neurogenic vasoconstriction may occur Chronic cerebral vasospasm has frequently been associated with subarachnoid hemorrhage (Echlin, 1971; Osaka, 1977; McIlhany et aI., 1983) . The gen eral consensus is that hemolysate released from the gradual breakdown of erythrocytes in CSF fol lowing subarachnoid hemorrhage directly constricts vascular smooth muscle cells (Cheung et aI., 1980; To da et aI., 1980; Wellum et aI., 1982) .
Cerebral blood vessels of several species have been shown to receive dual vasodilator and con strictor nerves (Lee, 1982) . Although the exact role of these nerves in controlling brain circulation is not yet clear (Heistad and Marcus, 1978; Purves, 1978) , excitation of both types in some species such as the dog has been shown to alter cerebral blood vessel tone and blood flow (D'Alecy, 1977) . In the present study, we examined the effect of hemolysate on neurogenic vasodilation and constriction in isolated cerebral arteries of the dog. This aJlowed us to as sess whether alterations in neurogenic components in vivo following subarachnoid hemorrhage. The signifi cance of this finding in the pathogenesis of cerebral va sospasm is discussed. Key Words: Cerebral vasodilator and constrictor nerves-Cerebral vasospasm-Hemo lysate-Subarachnoid hemorrhage-Tr ansmural nerve stimulation.
also contribute to subarachnoid hemorrhage-in duced cerebral vasospasm.
MATERIALS AND METHODS
Ten adult mongrel dogs of either sex were anesthetized with pentobarbital (40 mg/kg i. v.) and exsanguinated. The entire brains were removed and ring segments (4 mm long) of basilar, internal carotid, middle cerebral, and an terior cerebral arteries were excised under a dissecting microscope. Delivery of transmural nerve stimulation (TNS) and recording of isometric responses of isolated arteries in vitro were carried out as previously described (Lee et a!., 1980) . Hemolysate, the hemolyzed membrane-free erythro cytes, from three dogs was prepared and characterized according to the procedure described in previous reports (Cheung et a!., 1980; McIlhany et a!., 1983) .
RESULTS
The pattern of TNS-induced neurogenic response of isolated dog cerebral arteries varied from region to region. The middle cerebral artery predominantly relaxed (10 of 12 arteries), the basilar artery exclu sively constricted (7 of 7), the anterior cerebral ar teries both constricted (1 of 3) and relaxed (2 of 3), and the internal carotid arteries constricted (2 of 2). Both the TNS-induced vasoconstriction and dila tion were abolished by tetrodotoxin (TTX; 0.6 I.J.M), suggesting that both responses were of neurogenic origin.
Hemolysate (0. 0 1-0.6 mg protein/ml) inhibited the TNS-induced vasodilation in 12 of 12 prepara tions without blocking the papaverine-induced re laxation (Fig. lA) . In some (4 of 12) but not all arteries examined, the TNS-induced vasodilations were converted into vasoconstrictions in the pres ence of hemolysate (Fig. IB) . The residual vaso constriction was abolished by TTX (Fig. lB) , sug gesting that the constriction was due to the excita tion of vasoconstrictor nerves.
In arteries that only constricted upon TNS, both the height and duration of the constriction were po tentiated in 14 of 14 preparations by hemolysate at the concentration that blocks the TNS-induced va sodilation (Fig. 2) . In the presence of hemolysate, the TNS-induced vasoconstriction was further po tentiated by phenoxybenzamine (PBZ) in 4 of 4 preparations (Fig. 2) .
DISCUSSION
The present experiments have provided further support for our previous findings that patterns of neurogenic response in cerebral arteries of a given species are variable from region to region (Lee, 1982) . Furthermore, these experiments have dem onstrated for the first time that hemolysate from red blood cells blocks the neurogenic vasodilation and potentiates the neurogenic vasoconstriction of ce rebral arteries.
In some arteries (4 of 12), the TNS-induced va sodilations were converted into vasoconstrictions in the presence of he moly sate (Fig. IB) . This result suggests that the vasodilator innervation is predom inant in these arteries and that only after the e- blocking of the vasodilation by hemolysate is the neurogenic vasoconstriction unmasked. The inhi bition of neurogenic vasodilation by hemolysate was not likely due to a nonspecific action of this substance, since it did not block the papaverine induced relaxation. It is likely that the action of hemolysate is specific and independent for neuro genic vasodilation and constriction.
The TNS-induced vasoconstriction was not blocked but was potentiated by PBZ (Fig. 2) . This is consistent with findings in the rabbit basilar ar tery (Lee et aI., 1980) . The failure of PBZ to block TNS-induced vasoconstriction in the rabbit basilar artery suggested that a second substance might be coreleased with norepinephrine from the sympa thetic nerve to induce vasoconstriction (Lee et aI., 1980) . However, PBZ further potentiated the neu rogenic vasoconstriction in the presence of hemo lysate, suggesting that the modes of action of he moly sate and PBZ in potentiating neurogenic va soconstriction may be different.
Although the active principle and the exact mech anisms of he moly sate involved in blocking and po tentiating the respective neurogenic vasodilation and constriction of the dog cerebral artery are not yet determined, release of hemolysate from lysed erythrocytes following subarachnoid hemorrhage in vivo may enhance the overall neurogenic vasocon strictor response. This effect on the neurogenic component may contribute to the genesis of cere bral vasospasm in addition to its direct constricting effect on smooth muscle cells (Cheung et aI., 1980; To da et aI., 1980; Wellum et aI., 1982) . We have also observed that hemolysate at a low concentra tion (0.01 mg protein/ml), which sometimes did not affect the resting blood vessel tone, still blocked neurogenic vasodilation and potentiated neurogenic Stimulating parameters (trains of 100 bi phasic square-wave pulses of 0.3 ms, 160 mA across the electrodes) were selected to achieve supramaximal nerve stimula tion (Lee et aI., 1980) . The active muscle tone was induced by uridine-5'-triphos phate (UTP). HMLS at a concentration be tween 0.013 and 0.6 mg protein/ml further increased the muscle tone. The TNS-in duced relaxations at 4 and 8 Hz were abolished (A) or converted to vasocon striction (8) by HMLS. The vasoconstric tions were abolished by tetrodotoxin (TTX), suggesting that they were of neu rogenic origin. Papaverine (PPV; 300 fLM) was given to induce maximal relaxation.
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vasoconstriction. This suggests that effects on the neurogenic component may be an initial step in volved in the genesis of cerebral vasospasm in cer tain brain regions following subarachnoid hemor rhage.
